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The	  main	  mineral	   in	  the	   lower	  mantle,	  magnesium-­‐silicate	  perovskite,	   transforms	   into	  a	  high-­‐pressure,	  
post-­‐perovskite,	   phase	   at	   pressures	   and	   temperatures	   corresponding	   to	   the	   D''	   seismic	   discontinuity	  
approximately	   200	   km	   above	   the	   core-­‐mantle	   boundary1,2.	   	   The	   strong	   elastic	   anisotropy	   of	   post-­‐
perovskite	   has	   been	   invoked	   to	   explain	   the	   observed	   seismic	   anisotropy	   and	   to	   infer	   flow	   in	   the	   D''	  
region,	   based	   on	  models	   of	   textured	   post-­‐perovskite3-­‐5.	   	   Such	   inferences	   rely	   on	   a	   knowledge	   of	   the	  
mechanisms	   by	   which	   the	   post-­‐perovskite	   can	   obtain	   texture.	   	   It	   is	   generally	   thought	   that	   seismic	  
anisotropy	  in	  D''	  is	  produced	  from	  lattice-­‐preferred	  orientation	  generated	  during	  plastic	  deformation6-­‐10;	  
however,	  it	  is	  difficult	  to	  explain	  all	  of	  the	  observed	  seismic	  anisotropy	  in	  D''	  using	  a	  single	  deformation	  
mechanism	   in	   post-­‐perovskite.	   	   Here	   we	   show	   that	   strong	   texture	   inheritance	   is	   possible	   during	  
transformation	   from	   perovskite	   to	   post-­‐perovskite	   using	   a	   recently	   developed	   fluoride	   analogue	  
system11.	   	   If	   a	   similar	   transformation	   mechanism	   operates	   in	   the	   Earth,	   post-­‐perovskite	   will	   inherit	  
textures	   from	   deformed	   perovskite	   and	   vice	   versa	   as	   lower-­‐mantle	   material	   passes	   into	   and	   out	   of	  
regions	  of	  post-­‐perovskite	  stability.	   	  This	  texture	  inheritance	  during	  the	  transition	  from	  post-­‐perovskite	  
to	  perovskite,	  combined	  with	  a	  single	  slip	  system	  in	  post-­‐perovskite,	  can	  explain	  the	  seismic	  anisotropy	  
of	  the	  lowermost	  mantle.	  
We	   compressed	   flux-­‐grown	   single	   crystals	   of	  NaNiF3	   perovskite	   to	   22	  GPa	   and	   annealed	   them	  at	   700	   °C	  
(within	   the	  post-­‐perovskite	   stability	   field	   in	   this	   system;	   see	   supplementary	  methods)	   for	  24	  hours.	   	   The	  
recovered	  crystals	  maintained	  their	  gross	  morphology	  but	  were	  cloudy	  in	  appearance.	  	  Single-­‐crystal	  X-­‐ray	  
diffraction	  demonstrated	  that	  the	  perovskite	  had	  partially	  transformed	  to	  post-­‐perovskite	  and	  that	  the	  c-­‐
axes	  of	  the	  two	  phases	  were	  parallel	  (for	  the	  Pbnm	  setting	  of	  the	  orthorhombic	  perovskite	  and	  the	  usual	  C	  
face-­‐centred	   description	   of	   the	   orthorhombic	   post-­‐perovskite	   unit	   cell).	   	   Furthermore	   post-­‐perovskite	  a-­‐
axes	  were	  either	  parallel	  to	  the	  perovskite	  b-­‐axis	  or,	  more	  commonly,	  they	  were	  canted	  from	  it	  by	  16.75	  
degrees	   (supplementary	   results),	   indicative	   of	   twinning	   on	   (110)	   in	   the	   post-­‐perovskite	   with	   the	  
composition	  plane	  containing	  the	  perovskite	  b-­‐axis.	  	  	  
High-­‐resolution	  TEM	   images	  of	   the	  partially	   transformed	   sample	   show	   the	   same	   relationship	  as	   the	  XRD	  
measurements,	   with	   the	   normal	   to	   (110)	   in	   the	   post-­‐perovskite,	   i.e.	   the	   vector	  hh0	   in	   reciprocal	   space,	  
parallel	  to	  [010]	  in	  the	  perovskite	  (ℎℎ0010)	  and	  	  001001	  (Figure	  1).	  	  The	  electron	  diffraction	  pattern	  from	  
this	   region	   shows	   a	   clear	   (110)	   twin	   relationship	   in	   the	   post-­‐perovskite,	   with	   the	   composition	   plane	  
between	   the	   twin	   domains	   closely	   sub-­‐parallel	   to	   the	   perovskite	  b*-­‐reciprocal	   lattice	   vector	   (figure	   1b).	  	  
Figure	   1c	   shows	   our	   interpretation	   of	   the	   X-­‐ray	   and	   TEM	   data.	   	   Post-­‐perovskite	   can	   be	   derived	   from	  
perovskite	   by	   introducing	   stacking	   faults,	   along	   either	   of	   the	   (pseudocubic	   axial)	   directions	   which	   are	  
diagonal	  to	  the	  orthorhombic	  setting,	  such	  that	  BX6	  octahedral	  units	  are	  edge-­‐connected	  to	  the	  perovskite	  
substrate	  layer.	  	  This	  results	  in	  a	  layered	  post-­‐perovskite	  structure	  with	  sheets	  of	  BX6	  octahedra	  separated	  
by	  layers	  of	  AX6	  polyhedra,	  with	  the	  c-­‐axis	  of	  post-­‐perovskite	  preserving	  the	  original	  perovskite	  c-­‐axis.	  	  The	  
C-­‐centring	  of	  post-­‐perovskite	  requires	  that	  its	  a	  and	  b	  unit	  cell	  axes	  are	  canted	  to	  the	  perovskite	  unit	  cell	  
with	  (110)PPv	  perpendicular	  to	  [010]Pv.	  	  Domains	  of	  post-­‐perovskite	  derived	  from	  symmetrically	  equivalent	  
octahedra	  in	  the	  perovskite	  structure	  can	  then	  grow	  in	  a	  (110)	  normal	  twinning	  relationship	  with	  the	  b-­‐axis	  
of	  the	  host	  perovskite	  parallel	  to	  the	  twin	  axis.	  	  	  
A	  martensitic	  transformation	  mechanism	  which	  produces	  these	  topotactic	  relations	  was	  previously	  inferred	  
from	  the	  results	  of	  ab	   initio	  metadynamics	  calculations12	  but	  this	   is	  the	  first	  time	  that	  topotaxy	  has	  been	  
observed	   experimentally	   between	   perovskite	   and	   post-­‐perovskite.	   	   Our	   observed	   topotaxy	   in	   the	  
recoverable	   fluoride	   system	   is	   corroborated	   by	   a	   study	   in	   which	   polytypes	   of	   post-­‐perovskite	   were	  
produced	   from	   Al-­‐bearing	   MgSiO3	   perovskite	   (ref	   13).	   	   These	   polytypes	   have	   kinked	   post-­‐perovskite	  
structures	  which	  are	  effectively	  ordered	   (110)	   twins,	   suggesting	   that	   this	   twin	  mechanism	   is	   activated	   in	  
aluminous-­‐post-­‐perovskite	  MgSiO3	  during	  transformation	  from	  perovskite	  starting	  material.	  	  The	  observed	  
topotaxy	   is	   further	   supported	   in	   the	  natural	   system	  by	   the	  observation	   that	  deformation	  experiments	   in	  
post-­‐perovskite	   MgGeO3	   and	  MgSiO3	   initially	   show	   {110}-­‐slip	   textures	   immediately	   after	   transformation	  
from	  perovskite	  which	  subsequently	  evolve	  to	  the	  true	  post-­‐perovskite	  deformation	  texture10.	   	  This	  {110}	  
texture	  is	  produced	  since	  perovskite	  deforms	  by	  slip	  on	  (010)14,15	  and	  subsequent	  transformation	  converts	  
(010)Pv	   into	  (110)PPv,	  resulting	   in	  an	  apparent	  {110}	  post-­‐perovskite	  deformation	  texture.	   	  Given	  all	  of	  this	  
evidence	  it	  seems	  very	  likely	  that	  the	  transformation	  mechanism	  observed	  here	  also	  operates	  in	  the	  silicate	  
system,	   resulting	   in	   strong	   inherited	   textures	  as	   lower	  mantle	  material	   crosses	   into	  and	  out	  of	   the	  post-­‐
perovskite	   stability	   field	   in	   D'',	   initially	   during	   downwelling	   of	   cold	   subducted	   material	   and	   then	   as	   D''	  
material	  warms	  up	  by	  conductive	  heating	  from	  the	  outer	  core16.	  	  
The	  majority	   of	   the	  mantle	   in	  D''	   flows	  horizontally	   as	   cold	   downwellings	   force	  material	   along	   the	   core-­‐
mantle	  boundary	  (CMB)	  towards	  hotter	  regions	  of	  mantle	  upwelling.	   	  This	  shear	  deformation	  produces	  a	  
lattice	   preferred	   orientation,	   and	   hence	   seismic	   anisotropy,	   in	   post-­‐perovskite.	   The	   deformation	  
mechanism	   of	   post-­‐perovskite	   in	   D''	   is	   still	   controversial,	   with	   different	   deformation	   experiments	  
suggesting	   dominant	   slip	   on	   {110}	   or	   (100)6,8,	   (010)7,9	   and,	   recently,	   (001)17	   planes.	   Global	   anisotropic	  
tomography18,19	   yields	   models	   of	   the	   lowermost	   mantle	   with	   horizontally	   polarized	   shear	   waves	   with	   a	  
higher	  velocity	  than	  vertically	  polarized	  shear	  waves	   in	  presumed	  cold	  regions	  such	  as	  the	  circum-­‐Pacific.	  
The	  opposite	  sense	  of	  anisotropy	  is	  found	  in	  locations	  expected	  to	  be	  hotter	  such	  as	  the	  central	  Pacific	  and	  
African	  large	  low	  shear	  velocity	  provinces.	  Fitting	  these	  global	  observations	  using	  forward	  models	  of	  mantle	  
deformation,	  requires	  slip	  on	  (010)	  or	  (100)	  to	  dominate20.	  	  Conversely	  regional	  studies,	  where	  the	  seismic	  
anisotropy	  is	  better	  constrained	  by	  crossing	  ray	  paths,	  find	  that	  slip	  on	  (001)	  fits	  the	  observed	  anisotropy	  
best3.	  	  In	  addition,	  combined	  geodynamical	  and	  texture	  evolution	  models	  find	  that	  slip	  on	  (001),	  combined	  
with	  textured	  MgO	  produces	  seismic	  anisotropy	  in	  D''	  which	  is	  most	  like	  geophysical	  observations21.	  	  None	  
of	  these	  studies,	  however,	  take	  account	  of	  the	  fact	  that	  perovskite	  is	  expected	  to	  become	  the	  stable	  phase	  
of	  MgSiO3	   in	  hot	  regions	  of	  D''	   (eg	  ref.	  16).	   	   	  Here	  we	  suggest	  that	  the	  regional	  studies	  can	  be	  reconciled	  
with	   the	   global	   observations	   if	   perovskite	   inherits	   texture	   from	   post-­‐perovskite	   through	   the	   observed	  
topotactic	   relations.	   	   To	   illustrate	   this	   we	   have	   performed	   viscoplastic	   self-­‐consistent	   modelling22	   of	   an	  
(001)	  dominated	  slip	  system	  in	  post-­‐perovskite	  to	  predict	  the	  texture	  generated	  during	  horizontal	  mantle	  
flow	   in	   cold	   regions	   at	   the	  CMB	   (see	   supplementary	   information	   for	  details).	   	  We	   then	   transformed	   this	  
texture	  using	  the	  observed	  topotaxy	  relations	  between	  perovskite	  and	  post-­‐perovskite	  in	  order	  to	  predict	  
the	  texture	  inherited	  by	  perovskite	  in	  hot	  regions	  of	  D''.	  	  Figure	  2	  shows	  the	  seismic	  anisotropy	  generated	  
by	   horizontal	   simple	   shear	   in	   post	   perovskite	   and	   subsequent	   transformation	   to	   perovskite.	   	   The	   post-­‐
perovskite	   displays	   strong	   shear-­‐wave	   anisotropy	   for	   horizontally	   propagating	   waves	   with	   horizontally	  
polarised	   waves	   travelling	   faster	   than	   vertically	   polarised	   waves.	   	   The	   perovskite	   produced	   from	   this	  
textured	  post-­‐perovskite	  shows	  the	  opposite	  sense	  of	  anisotropy	  for	  horizontally	  propagating	  shear	  waves,	  
consistent	   with	   global	   anisotropy	   tomography	   studies.	   	   We	   address	   the	   question	   of	   whether	   this	  
‘transformation’	  texture	  will	  survive	  subsequent	  deformation	  in	  the	  perovskite	  stability	  field	   in	  figure	  2	  c,	  
where	   the	   perovskite	   texture	   produced	   from	   the	   transformation	   has	   been	   subjected	   to	   the	   same	   shear	  
strain	  again	  using	  the	  slip	  system	  of	  ref.	  14	  and	  the	  texture	   is	  not	  significantly	  altered.	   	   It	   is	  possible	  that	  
perovskite	   in	  D''	  will	   deform	  by	  diffusion	   creep;	   in	   this	   case,	   recent	   numerical	   simulations23	   have	   shown	  
that	  textures	  can	  be	  preserved	  during	  diffusion	  creep,	  although	  they	  will	  be	  somewhat	  weakened.	  
The	  present	   interpretation	   reconciles	   the	   regional	  and	  global	   seismic	  studies	  whilst	  also	  being	  consistent	  
with	  the	  positive	  Clapeyron	  slope	  of	  the	  transition	  between	  perovskite	  and	  post	  perovskite.	  	  It	  also	  raises	  
the	  interesting	  possibility	  that	  studies	  which	  compare	  the	  shear-­‐wave	  velocity	  with	  shear-­‐wave	  anisotropy	  
might	   be	   able	   to	   map	   out	   the	   extent	   of	   post-­‐perovskite	   stability	   in	   D''.	   	   In	   addition,	   the	   generation	   of	  
texture	   in	   post-­‐perovskite	   has	   been	   invoked	   as	   a	   means	   to	   produce	   a	   D''	   reflector	   even	   with	   gradual	  
transformation	   from	   perovskite	   to	   post-­‐perovskite24.	   	   In	   a	   similar	   manner,	   perovskite	   which	   formed	   by	  
transformation	  of	  post-­‐perovskite	  will	  have	  a	  texture	  which	  varies	  strongly	  from	  that	  of	  perovskite	   in	  the	  
overlying	  mantle	  which	  never	  entered	   the	  post-­‐perovskite	   stability	   field.	   The	   resultant	   change	   in	   seismic	  
anisotropy	  between	  these	  two	  regions	  of	  perovskite	  might	  explain	  the	  persistence	  of	  a	  D''	  reflector	  in	  the	  
large,	  low-­‐shear	  velocity	  provinces	  where	  post-­‐perovskite	  is	  thought	  not	  to	  be	  stable.	  
Further	   work	   is	   required	   to	   confirm	   that	   the	   transformation	  mechanism	   observed	   here	   operates	   in	   the	  
Earth.	  Martensitic	  transformation	  is	  enhanced	  compared	  to	  reconstructive	  transformation	  mechanisms	  by	  
metastable	  overstep,	  which	  was	   large	   in	  the	  experiments	  and	  is	   likely	  to	  be	  small	  at	  the	  temperatures	  of	  
D'',	  and	  by	  shear	  deformation,	  which	  was	  zero	  in	  the	  experiments	  but	  certainly	  occurs	  in	  D''.	   	   In	  addition,	  
martensitic	  transformation	  under	  conditions	  of	  shear	  deformation	   is	   likely	  to	  have	  a	  further	  selectivity	   in	  
the	   orientation	   of	   the	   daughter	   phase	   (ie	   both	   of	   the	   twin	   domains	   in	   the	   post-­‐perovskite	   will	   not	   be	  
equally	   developed),	   slightly	   modifying	   the	   textures	   which	   we	   predict	   here.	   	   This	   will	   not,	   however,	  
significantly	   alter	   the	   conclusions	   since	   the	   difference	   in	   orientation	   between	   the	   two	   twin	   domains	   is	  
small.	   Experiments	   are	   currently	   being	   performed	   to	   determine	   the	   strength	   of	   the	   selectivity	   during	  
transformation	  in	  non-­‐hydrostatic	  stress	  fields.	  
We	   have	   chosen	   to	   concentrate	   in	   this	   paper	   on	   the	   effect	   of	   topotaxy	   during	   the	   ‘retrograde’	  
transformation	   from	   post-­‐perovskite	   to	   perovskite;	   however,	   similar	   effects	   will	   obtain	   during	   the	  
‘prograde’	   reaction	   to	  post-­‐perovskite.	   	  Since	   (010)	  planes	  are	   thought	   to	  be	   the	  weakest	  glide	  planes	   in	  
perovskite14,15,	  subducting	  slab	  material	  will	  generate	  a	  texture	  on	  entering	  D''	  with	  {110}	  post-­‐perovskite	  
planes	   parallel	   to	   the	   shear	   direction.	   Any	   transformation	   texture	   produced	   in	   this	   way	   should	  
subsequently	   be	   replaced	   by	   a	   true	   post-­‐perovskite	   deformation	   texture.	   	   We	   caution	   strongly	   against	  
interpreting	   observations	   of	   seismic	   anisotropy	   in	   D’’	   in	   terms	   of	   mantle	   flow	   without	   considering	   the	  
transformation	  between	  perovskite	  and	  post-­‐perovskite.	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Figure	  1.	  Transmission	  electron	  micrograph	  
of	  partially-­‐transformed	  NaNiF3	  perovskite.	  	  
a)	   High-­‐resolution	   TEM	   image:	   Perovskite	  
(Pv)	   and	   post-­‐perovskite	   (PPv,	   PPv’)	  
domains	  are	  labelled.	  	  The	  spacing	  between	  
the	   post-­‐perovskite	   lattice	   fringes	   (~5Å)	   is	  
half	   its	   b-­‐axis	   length.	   	   The	   33.5°	   angle	  
between	   the	  post-­‐perovskite	   twin	  domains	  
corresponds	   to	   the	   angle	   calculated	   for	  
(110)	  twins	  using	  the	  unit	  cell	  measured	  by	  
X-­‐ray	   diffraction.	   b)	   Electron	   diffraction	  
pattern	   from	   the	   area	   in	   (a).	   	   The	   strong	  
mirror	   plane	   arises	   from	   the	   additional	  
symmetry	   introduced	   by	   twinning	   of	   post-­‐
perovskite,	  superimposed	  on	  the	  perovskite	  
symmetry.	   	   c)	   Sketch	  of	  NiF6	  units	   showing	  
the	   topotactic	   relationships	   between	  
perovskite	  and	  post-­‐perovskite.	  	  	  
	  	  
	  
Figure	   2.	   	   Seismic	   anisotropy	   predicted	   for	   the	   transformation	   from	   post-­‐perovskite	   to	   perovskite.	   (a)	  
post-­‐perovskite	   deforming	   in	   simple	   shear	   by	   slip	   on	   (001)	   γ=0.875	   (see	   SI);	   (b)	   perovskite	   transformed	  
from	  post-­‐perovskite	  using	   the	  observed	   topotaxy;	   (c)	   the	  perovskite	   texture	   in	   (b)	   further	  deformed	  by	  
γ=0.875	   in	   the	   perovskite	   stability	   field.	   	   The	   top	   pole	   figures	   show	   the	   P-­‐wave	   velocity	   plotted	   for	  
propagation	   direction.	   	   The	   right	   pole	   figures	   show	   the	   difference	   between	   the	   fast	   and	   slow	   polarised	  
shear-­‐waves	  plotted	   for	  different	  propagation	  directions;	   ticks	   show	  the	  orientation	  of	   the	   fast	  polarised	  
shear-­‐waves.	  	  The	  sense	  of	  anisotropy	  reverses	  during	  the	  transformation.	  
	  
